Introduction
Public health problems such as preventing chronic diseases arise and persist as a result of multiple physiological, behavioural and environmental factors and their interactions. 1, 2 Solutions to these complex problems require new approaches to how knowledge is created and applied. [3] [4] [5] In this paper we refer to these as ''systems approaches for knowledge to action (KTA).'' Systems approaches to KTA build on linear approaches that emphasize effective packaging and dissemination of knowledge products and on relationship approaches that emphasize effective partnerships for developing and sharing knowledge. Systems approaches recognize that dissemination processes and relationships themselves are shaped, embedded and organized through structures that influence the types of interactions that occur among multiple stakeholders with unique worldviews, priorities, languages, means of communication and expectations. 6 These stakeholders are tied together by a system (which in turn is shaped by culture, structures, priorities and capacities 7 ) that requires activation if its various parts are to be linked together. Consequently, a systems way of thinking is needed to bring about that activation for the purposes of KTA. 8, 9 While the need for systems approaches to KTA is acknowledged, and concepts are gaining clarity, practical strategies to design and implement systems approaches to KTA are very limited. 8, 10, 11 The purpose of the environmental scan reported in this paper was to begin to show some practical strategies that may usefully guide the design, implementation and impact of KTA initiatives to solve complex problems.
Chronic diseases are a serious and urgent problem worldwide. In 2005, 60% of total deaths worldwide were attributed to chronic diseases, and a 17% increase is projected from 2005 to 2015. 12 Although it has been estimated that up to 50% of cancer, 13 90%
of cardiovascular disease, 14 and 91% of diabetes 15 are preventable, significant and scaled-up investments in population-level prevention interventions continue to be insufficient. Even modest reductions in chronic disease risk factors would save tens of thousands of person-years of life and hundreds of millions in direct health care costs worldwide each year. 16, 17 Chronic diseases are also complex problems. Their complexity arises from a dynamic interplay of factors that contribute to the development and persistence of chronic conditions. Factors span a wide range, including individual physiology and behaviour, institutional arrangements (e.g. health and social service organization interactions), and physical and social environments at local through societal levels (e.g. neighbourhood design, social cohesion, food supply and distribution). 18 Complex problems such as chronic diseases do not respond to simple, independent, one-off solutions; they require deliberately coordinated sets of interventions and creative efforts at many jurisdictional levels (e.g. regional, provincial, national, international) 4 and system levels (e.g. paradigm, goals, organizational structures). 5, 19 They require the engagement of actors and organizations involved with research, policy and practice and from health and non-health sectors. They also require tailoring policy and program interventions to diverse contexts and ongoing adaptation of interventions in dynamic environments, 4 all with a goal to change health behaviours and the underlying conditions of risk in the case of chronic diseases.
Multi-faceted and dynamic solutions to complex problems introduce unique challenges for the creation and use of knowledge. [20] [21] [22] [23] For example, it is now widely acknowledged that application of the concept of evidence-based medicine as originally conceived is not well-suited to public health interventions, 24 making the direct application of research findings to various settings, time periods and populations problematic. In contrast, effective KTA approaches will be dynamic, multi-directional processes of engaging (often diverse) stakeholders to co-create, synthesize, share and use knowledge in order to inform decision-making and foster change in the contexts and based on needs of policy and program settings. 25 Consequently, new approaches to evidence-informed public health are being explored and have led to many calls for the application of concepts and methods of systems science. 8, 23, [26] [27] [28] [29] [30] Responses to these calls have resulted in a growing number of empirical studies that use systems modelling and network analysis techniques. These empirical studies have also contributed to the body of literature on the promise of applying systems thinking, variably defined, to knowledge development and use in population and public health. 10, [26] [27] [28] 31, 32 This emerging literature is relatively silent on the translation of concepts and principles of systems thinking into practical strategies for creating and using knowledge to solve complex problems.
Organizations such as the Public Health Agency of Canada and Propel Centre for Population Health Impact with panCanadian mandates to accelerate KTA for chronic disease prevention are attempting to fill this gap. The analysis and synthesis we describe in this paper are based on a scan of initiatives, all of which were addressing complex problems, included a focus on both creating and using knowledge, and applied principles of systems thinking in their KTA efforts.
Methods
A small advisory group (authors BR, KR, DF, DS, AB), representing public health research, policy and KTA organizations with a history of collaboration on projects related to KTA for chronic disease prevention, chose 3 main criteria to use in the search for organizations and their KTA initiatives: (1) intermediaries (as opposed to direct service delivery organizations) addressing a complex issue; (2) groups that are seeking to intervene at multiple levels in a system; and (3) groups that have used specific strategies for KTA informed by systems thinking.
Principles of systems thinking cover a wide range from many disciplines and schools of thought. For the scan, we integrated ideas from several systems thinkers 3, [34] [35] [36] and adapted them to a public health context. Through discussion and consensus among advisory group members, we developed 12 systems principles for solving complex public health problems and organized these principles into 3 overarching concepts: coherence, connectivity and continuous learning (see Table 1 ).
Using the 3 criteria for case selection, we identified an initial list of 30 KTA cases through a web-based search, a search of grey and published papers that explore complex or systems approaches to KTA, and by requesting nominations from people known to the advisory group. The initial set of cases were from Canada and other developed countries.
By reviewing publicly available documentation on the initial set of 30 potential cases, we chose 9 cases that best fitted the criteria and scope of the scan (see Table 2 ). We excluded cases from the analysis if they were direct service delivery organizations; intervened only at one level of a system (e.g. focussed only on individual behaviour change); or did not undertake KTA approaches (e.g. some organizations produced discussion papers on the concepts or theories of system approaches but did not undertake specific initiatives). We conducted an inductive review of the case documentation, informed by the system principles in Table 1 , without being constrained by them. The principles were used as a preliminary analytic framework to examine how they were implemented in one or more cases. Themes related to practical strategies (e.g. people, processes, structures) were generated and coded in the case documentation. The analysis was completed by 2 researchers (authors JG, TP) and supplemented with reflections and analysis from the advisory group based on a review of documented examples of each theme. We then compared themes for similarities and differences, and identification of specific examples of themes were then completed across cases.
Results
Based on the scan analysis, we identified 5 guidelines on implementing systems approaches to KTA: 
4) Systems interventions are not projects
Some cases faced pressure to produce tangible, short-term outputs. Focussing on systems-level processes and encouraging other organizations to fill identified gaps means that the collaborative efforts are directed at finding new actors, igniting interest in a high-level agenda, and encouraging other organizations with longer-term mandates and with relevant expertise to take leadership on specific actions. For example, SiG Causeway was careful not to create a cumbersome governance structure with ambitions to develop and implement a series of projects. Instead they created a core network of highly engaged leaders drawn from divergent fields, all guided by an overarching strategic framework aimed at igniting cross-sector leadership and shared learning experiences to advance social finance in Canada. These leaders convened showcase and learning events across Canada, hosted webinars to link organizations across sectors to discuss social finance and helped create and populate a common web hub / portal with guides, resources and white papers for translating the concepts into action.
5) Different kinds of supports are needed at different times in different contexts
Even though objectives stayed the same within cases over time, their KTA activities and strategies changed frequently, adapting to the needs of their partners and clients. Cases drew from a diverse range of KTA options and selected those that were the best fit for the time, place, people and purpose. For example, ResearchImpact customized each KTA initiative from a suite of activities that they developed over time. Similarly, the United Way Community of Practice had a range of events for which people can self-select depending on their interests.
Discussion
The 5 guidelines on practical strategies to implement systems approaches to KTA reinforce a subset of system principles. The importance of relationships was particularly reinforced, especially enduring relationships between individuals and groups with diverse perspectives, including from research, policy and practice. Also reinforced was the importance of adapting principles to diverse and dynamic contexts, and feedback for continuous learning. Consistent with the goal of the scan, we identified practical examples of applying these principles. Nonetheless, the results represent a modest start to providing useful insights and guidance to better translate system concepts for KTA into practice. Reflecting on the results, the advisory group identified 3 promising directions for KTA to solve complex problems.
1) Embrace emergent and holistic approaches
Systems approaches challenge assumptions about expectations, guarantees, final answers, and ''control,'' especially by scientists and specialists with particular expertise. In complex and dynamic systems, no patterns stay in place for long and results of interventions may not have the certainty science usually views as desirable. Therefore we need to avoid formulaic approaches, especially across varied contexts; for example, it is not appropriate to replicate a successful intervention with fidelity across diverse communities and populations. However, recognizing the importance of context does not prevent identifying core components for success and gleaning meaning across diverse contexts or documenting emergent conditions as was done with Tamarack's Vibrant Communities and SiG Causeway work. The development and use of context-sensitive research and evaluation methods are required to learn about what works and how and why. These insights will inform appropriate adaptations of interventions.
Emergent and holistic approaches also require continuous learning. Efforts are needed to continue to evaluate and learn from adaptations and study the processes of refining and scaling up interventions. 37 This creates opportunities to further develop novel and participatory models for conducting evaluations that focus on learning within dynamic environments -in contrast to results-based evaluations that may focus on accountability with little to no consideration of context.
2) Focus on enduring relationships that are solution-oriented
To have an effect, enduring relationships are needed between the policy, practice and research sectors that can nimbly identify, test and adapt solutions to complex problems. During times of limited resources, relationship-building activities can easily be considered luxuries that do not warrant time or funding. However, inclusion of developmental periods for project funding may be an essential ingredient to building effective and relevant interventions and appropriate research methods to harness and use evidence to effect change.
The scan findings from United Way Toronto and the National Treatment Strategy indicate that investment in and the use of community of practice models, though varied in their structure, purpose and aims, may also hold promise in this area.
Community of practice models, guided by systems principles, would focus on contextsensitive questions, be oriented toward ongoing learning and diverse exchange, emphasize emergence, value different perspectives and sources of knowledge, and aim to understand the implementation context. Seeking diversity in collaborators and perspectives to engage in solving complex problems implies inclusivity; a conscious bringing together of people who do not necessarily share perspectives, culture or language to work across differences. Power relationships need to be acknowledged and addressed within these collaborations (e.g. how do we give equal voice to participants of different race, gender, class, education). The time and effort required to build enduring and diverse relationships are worthwhile, especially to make sure they are created authentically and sustained.
3) Address gaps in the system in addition to gaps in the evidence
Knowledge development in public health normally focusses on filling gaps in evidence, and especially on providing detailed descriptions of problems. Attention to studying policy and program interventions has been growing recently. 11, 38 Consistent with models of places to intervene in complex systems, 3,4 the scan results point to the importance of structural changes (e.g. multistakeholder teams, networks) and feedback as valuable system interventions. A considerable challenge is limited funding to address these structural elements and other system gaps such as feedback through common measurement approaches across organizations and jurisdictions. 30 
Strengths and limitations
The main strengths of this scan are the importance and relevance of its goals for advancing effective KTA on complex issues such as chronic disease prevention, and the methods we used.
The public health field has placed much more emphasis on defining problems than on developing solutions. Intervening through policies, programs and system changes to address the urgent, serious and complex problems in public health, especially chronic diseases, means working in new ways, including new ways to create and apply knowledge that respects the complexity of the problems. This scan contributes to figuring out how promising approaches to KTA can be implemented in practice.
The strength of our results is enhanced by the methods we used to identify and select a broad range of cases for the scan. The sampling methods resulted in a sizable and manageable number of relevant cases with substantial diversity. Results were also strengthened by the systematic approach to the selection, collection and analysis of information within and across cases and the use of information from both documents and interviews.
The scan was limited by its modest scope because of limited resources. The scan was designed as a preliminary and exploratory analysis. Results suggest there is much to learn about KTA for solving complex problems from existing efforts. More in-depth qualitative and quantitative study and observation of KTA initiatives using system approaches would yield more extensive insights. Learning over a longer period of time from the cases included in the scan and others would also be useful, especially to better understand ways to facilitate dynamic KTA processes and their effectiveness under different conditions.
Conclusion
Ways to address the burden of chronic disease must respect the complexity of these problems and related environments, including the nature of the knowledge needed to address such problems and how and why knowledge is created and used. Learning from existing examples of systems approaches to KTA can identify practical implementation strategies. These strategies may be enhanced by emphasizing a holistic science with a focus on adaptation of interventions, strengthening enduring relationships that bring together diverse perspectives and assets, and addressing gaps in the system in addition to gaps in the evidence. In turn, at least small gains in changing environments, organizations and behaviours to solve complex public health problems can be achieved. Between 1998 and 2001, asthma-related symptoms were responsible for more than 80 000 hospital admissions. 4 In 2011, the overall economic burden of asthma in Canada, including direct costs and indirect costs, was more than $2 billion. 5 Similar data on asthma-related hospitalizations among Aboriginal people is not available.
However, a longitudinal study in Saskatchewan found that Registered Indians aged 35 to 64 years showed a significantly higher risk of hospitalization for asthma. 6 Another retrospective cohort study in Alberta found that Treaty Indians were 2 times more likely to visit a hospital emergency department for asthma or COPD-related symptoms than non-Aboriginal people; however, they were less likely to see a specialist or undergo spirometry testing. 3 Research has shown that physical activity reduces the incidence and may help prevent the progression of conditions such as diabetes, high blood pressure, cardiovascular disease, asthma, arthritis and poor health. 7, 8 The most recent data on physical activity rates among Aboriginal people in Canada indicate that only 21% of on-reserve First Nations are physically active 9 compared to 53.8% of non-Aboriginal people. 10 Lower physical activity rates may partially explain the higher incidence and worse management of chronic disease in this population. 9 Regular physical activity is associated with improved asthma control 11 as well as lower health care use. 12 Activity limitation is an important criteria in the assessment of asthma control.
Unfortunately, there is a dearth of data on the effect of sedentary behaviour on asthma control. Recent research indicates that sedentary behaviour, which refers to time spent sitting while commuting, working or during leisure time, 14 is an independent risk factor for chronic morbidity and all-cause mortality. 15 A large proportion of leisure sedentary time is made up of screen time, specifically, television time. 16 In fact, television time contributes to the highest amount of daily screen time among Canadian adults, with 29% of this population reporting 15 or more hours a week (> 2 hours per day) in 2007. 17 A recent study also found that 64% of Metis reported watching TV for more than 6 hours per week. 18 However, the impact of such sedentary activities on asthma outcomes is unclear.
Aboriginal people in Canada have a higher prevalence of asthma 2 , appear to have worse asthma control 19 and have higher levels of physical inactivity. 9 Given the established link between physical activity and asthma-related health outcomes, a better understanding of the association between asthma, engaging in regular physical activity and having high levels of sedentary time is important to reduce health disparities among Aboriginal people. Therefore, the purpose of our study was 1) to determine the association between asthma and physical activity levels or sedentary time among Aboriginal adults overall, and among those of different Aboriginal identities, and 2) to understand the influence of physical inactivity and sedentary time on health care use among Aboriginal adults with asthma.
Methods

Data and participants
We used the 2006 Aboriginal Peoples Survey (APS) for the current analysis. The APS is a national survey of Aboriginal people in Canada administered by Statistics Canada. The objective of the APS is to examine issues such as education, language, employment, income, health, mobility and housing among Aboriginal people. The target population includes First Nations, Métis and Inuit people, 6 years and older, living off-reserve in rural, urban or northern areas. All APS data were selfreported through personal interviews conducted by phone or in person.
The 2006 APS sampled 61 041 individuals, of which 80.1% responded. We used the public use microdata file for this study (n = 24 368). Since this study focussed on adults, we excluded from our analysis 3415 individuals younger than 20 years (n = 20 953).
Detailed information about the APS sampling design, data collection and weighting can be found in the 2006 APS concepts and methods guide. 20 
Main variables
Asthma APS participants were asked whether they had physician-diagnosed asthma. If they answered yes, they were asked whether they were currently receiving treatment or taking medication for their asthma. To ensure that participants had ''current'' asthma and to prevent misclassification associated with overdiagnosis, 21 we classified those who responded in the affirmative to both questions as having asthma; all other respondents were considered not to have asthma. Defining asthma in this way led to the exclusion of 665 respondents.
Insufficient physical activity (IPA)
This variable was derived from the survey question: ''In a typical week, how much time do you spend doing physical activities outside of work that result in an increase in your heart rate and breathing?'' Response options were none; from 1 to 2 hours; from 3 to 4 hours; from 5 to 6 hours; from 7 to 10 hours; 11 hours or more. Current physical activity guidelines for adults (18- 
Health care use
The following 3 variables were used to assess health care use: spending 1 or more nights in the hospital in the past year (yes or no) or in the past 5 years (yes or no), and consulting a health care professional (including, but not limited to, family physicians, general practitioners, other medical doctors or specialists, nurses and First Nation, Métis or Inuit traditional healers) in the past 12 months (yes or no).
Covariates
One of the covariates in this study was Aboriginal identity, which included the response categories of ''single identity: Other variables of interest included sociodemographic and health status. Survey respondents were provided with response options for these variables. Further details on the interpretation of these categories are available in the user guide.
22
Previous research has indicated that age, sex and geographical location are covariates associated with asthma among all 4 adult Aboriginal groups, 2 and that location has been linked to the availability of health care services and physical activity resources. 26 As a result, demographic covariates included sex (male or female), age categories (20-24; 25-34; 35-44; 45-54; or § 55 years) and geographical location (central metropolitan area; urban; rural or arctic).
Socioeconomic covariates included respondent education (elementary or less; some high school; completed high school; some post-secondary non-university; completed post-secondary non-university; some university; or completed university) and total household total income (< $20,000; $20,000-39,999; $40,000-59,999; $60,000-79,999; $80,000-99,999; § $100,000). These covariates were included because socioeconomic factors have been linked to levels of health and fitness among Aboriginal adults. Covariate categories containing less than 5% of the sample were collapsed with an adjacent category. However, the underweight BMI category was not collapsed, as this is a distinct and important category of BMI.
Statistical analysis
Frequencies were used to describe the covariates and outcomes; these were converted into a percentage of the sample. Pearson chi-squares were used to determine whether there were differences between those with and without asthma. In cases where there were more than 2 categories, we used standardized adjusted residuals to determine where the difference was. A cutpoint of 22.0 to 2.0 was used to detect significance. Simple and covariate adjusted logistic regression analyses were used to assess the associations between asthma and IPA or TVT in each of the Aboriginal groups and in the overall sample comparing those with and without asthma. Logistic regressions were adjusted for age, sex, Aboriginal identity, geographical location, income, education, type of smoker and BMI covariates. In the sample of adults with asthma, simple and adjusted logistic regression models were used to assess the association between outcomes of health care use and IPA or TVT.
All statistical analyses were conducted using SPSS version 21 and significance was set at a < 0.05. In order to ensure appropriate estimations, normalized population weights provided by Statistics Canada were applied to the entire dataset.
Results
The prevalence of asthma in this sample was 8.7%. Within the asthma group, 39.1%
were North American Indian, 32.7% were Métis, 11.1% were Inuit or non-Inuit in Arctic or other identity/multiple identities, and 17.2% were no Aboriginal identity. Table 1 shows characteristics of the sample. Significant differences were observed between those with treated asthma and those without asthma on most covariates examined. The proportion of those who were insufficiently physically active was higher among those with asthma (56.9%) compared to those without asthma (50.9%). The proportion of those who reported high TVT was higher among those with asthma (50.4%) compared to those with no asthma (42.9%).
Adults with asthma were significantly more likely to report high TVT and IPA compared to those without asthma in unadjusted models (Table 2 ). This was true for the North American Indian, Métis and the overall samples. These associations remained significant after adjusting for age, sex, Aboriginal identity, geographical location, income, education, type of smoker and BMI.
The odds of health care use were higher among adults with asthma who had high TVT in unadjusted and adjusted models (Table 3) . For IPA, all unadjusted associations with health care use were significant. For health care professional consultations in the unadjusted regression, the association was negative such that IPA was associated with fewer consultations (OR = 0.77; CI: 0.71-0.84), while the association between IPA and hospital night stays in the past year (OR = 1.20; CI: 1.13-1.27) and past 5 years (OR = 1.49; CI: 1.43-1.56) were both positive. In models adjusted for all covariates, hospital night stays in the past year and 5 years were both significantly associated with IPA.
Discussion
Using a sample of adults from the 2006 APS, we analyzed the relationships between physical inactivity and TVT with asthma and health care use. The primary finding is that adults with asthma were significantly more likely to be in the high televisionviewing-time group (> 10 hours per week) and to be insufficiently physically active (< 3 hours per week) compared to those without asthma; this was true for the North American Indian and Metis groups as well as the overall sample. The secondary finding is that adults with asthma who reported high TVT used health care services more than those who reported lower TVT, and that adults with asthma who were insufficiently physically active reported more hospital stays than those who were sufficiently active. While previous research has concluded that individuals with asthma are more likely to report low physical activity levels 29 and higher health care utilization, 12 this is the first study to investigate these relationships within the Aboriginal population in Canada and within different Aboriginal identities, each of which may be at varying risk due to a multitude of health disparities. 30 Our finding that Aboriginal adults with asthma are more likely to report lower levels of physical activity is consistent with findings from research on nonAboriginal adults with asthma. 28 Many individuals with asthma avoid physical activity for fear of exacerbating symptoms or triggering exercise-induced bronchoconstriction. 31 However, numerous studies have shown that physical activity can improve asthma control and asthmarelated quality of life. 11,31 Dogra et al. 12 investigated the relationship between physical activity and health in 4272 men and 6971 women with asthma from the Canadian Community Health Survey cycle 2.1. Data showed that physical activity was consistently associated with better health in individuals with asthma. 12 Further, engaging in regular, structured physical activity has been shown to improve asthma control in adults with asthma. 11 Thus, physical activity promotion strategies among Aboriginal people may benefit from an asthma education component, and asthma education should include information on physical activity.
The results of our study also indicate that North American Indians living off-reserve, Métis and the overall Aboriginal population group with asthma were more likely to report high TVT compared with those without asthma. Only a limited number of studies exist on the association between asthma and TVT, and these are primarily on children. In one such study, children presenting with no wheeze at 3.5 years Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
Notes:
Response rates for physical activity and television-viewing time variables were 8.2% in North American Indians compared to 95% in Métis.
Adjusted for age, sex, geographical location, income, education, type of smoker, and BMI. *** p < .001.
Health Promotion and Chronic Disease Prevention in Canada
Research, Policy and Practice were followed over a 7.5-year prospective longitudinal study, during which television screen time rates were recorded. 32 The results showed that children who watched an average of 2 or more hours of television per day over the 7.5-year period were more than twice as likely to develop asthma by 11.5 years of age. 32 Further, a number of adverse health outcomes, including obesity, behavioural problems and decreased academic performance, are associated with excessive screen time 33 and are all more prevalent among children with asthma. 34 Recent evidence has also indicated that sedentary behaviour, including TVT, is an important risk factor for cardiovascular disease and all-cause mortality independent of physical inactivity. 35 Since Aboriginal people are already at a higher risk of many of these adverse health outcomes, 1 the high TVT reported among Aboriginal adults with asthma in this study highlights a potential target for future health promotion strategies.
Research has shown that Aboriginal people in Canada visit the hospital more than twice as frequently as do their nonAboriginal peers. 3 Our study found that adults with asthma who reported high TVT had higher health care utilization. This is not surprising given the multitude of adverse health outcomes associated with high TVT. [31] [32] [33] Similarly, adults with asthma who were insufficiently active had significantly higher odds of being hospitalized overnight in the past year. This is consistent with previous results from the Canadian Community Health Survey that indicated that physically active adults with asthma use health care services less than inactive adults with asthma do; that is, they have better asthma control. 12 Of note, the association between physical inactivity and health care use was less consistent; no statistical significance was noted for health care professional consultations. The inconsistent findings for physical inactivity and health care utilization, especially consultations with a professional, may be confounded by exerciseinduced asthma, that is, active adults with asthma may be seeking health care services to ensure they have medications to prevent inactivity related to asthma symptoms. Future research should consider more objective measures of asthma control and should consider exercise-induced asthma.
Evidence is growing that the impact of screen time on health outcomes is independent of physical activity; 35 from this preliminary descriptive study, it is difficult to determine whether sedentary time may be more important than physical inactivity for asthma outcomes in this population. Certainly, more research is required. Regardless, data from the present study clearly show that Aboriginal adults with asthma need to increase their physical activity and reduce their TVT; doing so could lead to an increase in asthma control, a decrease in health care costs and likely better quality of life.
Strengths and limitations
The strengths of this analysis include the large sample size, which allowed for analysis in 2 distinct Aboriginal identities, and the number of available variables in the APS that were adjusted for in regression models. Results of this study should be interpreted in light of the following limitations.
First, the data used in this study were cross-sectional; thus, reverse causality cannot be ruled out. Second, covariates not measured in the study, such as exercise-induced asthma, could be responsible for a confounding variable effect. Third, all data were self-reported, which may have led to misclassification, especially in regards to physical activity, sedentary behaviour and BMI. For physical activity and sedentary behaviour, $ recall has been shown to have acceptable validity and reliability when using 7-day recall questionnaires 23, 24 whereas selfreported BMI can accurately predict measured BMI. 36 However, objectively measured data are better able to predict health outcomes 37 when compared to self-reported data. As such, conservative cut-points were deliberately chosen to minimize bias in the present study. Future research should use objectively measured or valid/reliable tools to measure these variables.
Fourth, the sample did not include onreserve First Nations and the sample size was not large enough to run individual analyses for all Aboriginal identities, both of which may limit the generalizability of the findings. It should also be noted that the APS does not contain information necessary for detailed analyses of health care accessibility within these identities. Future research should assess asthma among First Nations, Métis and Inuit separately to better understand the associations within these specific populations. Fifth, the APS did not contain information pertaining to asthma control, so health care use outcomes were used as a proxy. Future research should directly assess the association between IPA, TVT and asthma control in Aboriginal adults with asthma, both on-and off-reserve.
Finally, the present analysis was the first to explore such associations in Aboriginal adults. Future research should test for potential effect modifiers to determine if the associations differ by variables such as smoking status, medication use and others.
Conclusion
Data from the APS indicate that Aboriginal adults with asthma are more sedentary and less physically active than their non-asthmatic peers. Further, Aboriginal adults with asthma who report higher levels of TVT are more likely to use health care services than their less sedentary peers. These novel findings have important implications for asthma-exercise education in the Aboriginal population in Canada.
